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REMARKS 

The amendments made to the claims herein are made to clarify 
the nature of the invention and to set forth specific embodiments 
of the invention. No new matter is introduced into the 
application by means of these amendments. Support for the 
specific dosage ranges can be found on pages 20-21 of the 
application . 

Claims 20-25 and 61 were rejected under 35 U.S.C. § 112, 
first paragraph, on the basis that although the specification is 
enabling for a method of increasing or maintaining the plasma or 
serum levels of cadmium in a human whose levels are lower than 
the normal range it is not enabling for decreasing cadmium levels 
in a human whose levels are greater than normal. Applicant 
respectfully submits that this rejection with regard to claims 
20-25 has been obviated by the amendments to claims 20, 21 and 
22. Applicant also respectfully submits that the rejection of 
claim 61 was in error as the original (and current) language of 
claim 61 is directed to a method of correcting a cadmium 
deficiency . 

Claims 20-22, 24-25 and 61 were rejected under 35 U.S.C. § 
112, second paragraph, on the basis that the recitations 
"balance," "said unbalanced levels" and "sufficient to balance 
said cadmium concentration" rendered the claims indefinite. 
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Applicant respectfully submits that the rejection as applied to 
claims 20-22 and 24-25 has been obviated by the amendments to 
claims 20, 21 and 22. Again, Applicant also respectfully submits 
that this rejection as applied to independent claim 61 was in 
error as the claim does not contain any of the language on which 
the rejection was based. 

Claims 20, 23-24 and 61 have been rejected under 35 U.S.C. 
§102 (b) as anticipated by Jacobson et al. The examiner asserted 
that Jacobson et al. disclose the administration of 20 trace 
elements, including cadmium, to humans to correct negative 
balances of the elements. The examiner further asserted that the 
amounts of cadmium administered daily were 50-60 ug (0.05-0.06 
mg) or 5-68 ug, which was within the instantly claimed range. 
This rejection is traversed. 

The presently claimed invention is directed to a method of 
treating a person suffering from deficient levels of cadmium in 
his body fluids and tissues by administering to the person a 
series of daily doses of cadmium at dose levels of about 0.025 mg 
to about 2 mg per day (equivalent to a dose level of about 25 - 
2000 lag per day) . This invention is not taught or suggested by 
Jacobson et al . 

Jacobson et al. report a 5 day study in which they 
administered a number of trace elements parenterally to four 
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adult human males. The amount of cadmium administered ranged 
from 1.2 to 4.0 ug per day. See Table 5, page 114. This dosage 
amount is far below the amount of cadmium to be administered in 
accordance with the present invention. The present claims 
require a concentration of 0.025 - 2 mg be administered, which is 
the equivalent of 25-2000 p.g. The amounts of cadmium 
administered in the Jacobson study was so small that three of the 
four patients excreted higher amounts of cadmium in their urine 
than were administered. 

The examiner's statement that the paper teaches the 
administration of 0.05-0.06 mg of cadmium is a mis-reading of the 
reference. The passage the examiner cited from page 121 does not 
relate to the amount of cadmium parenterally administered to the 
subjects in this study. Rather, the reference to 0.05 - 0.06 mg 
of cadmium is a reference to the average amount of cadmium 
typically ingested per day as part of one's typical food intake; 
the authors then note that the food in ordinary hospital diets 
provide from 0.005 - 0.068 mg of cadmium daily. Applicant notes 
in the background of his application that small amounts of 
cadmium are ingested as a matter of course in various foods and 
then teaches that oftentimes, especially for those who consume 
typical Western diets, the amounts ingested are insufficient, 
such that cadmium must actually be administered to humans to 
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minimize or eliminate the cadmium deficiency that has developed 
as a result of the inadequate intake of cadmium in food. 
Applicants teach the administration of cadmium, supplemental to 
that typically obtained in food, to prevent or treat cadmium 
deficiencies in body fluids and tissues. 

The cited reference is deficient in that there is no 
indication that the four men to whom the parenteral nutritional 
supplement was administered suffered from a cadmium deficiency. 
Even if they did, the amounts of cadmium given them, from 0.0012 
lag - 0.004 mg, was far less than the amount required by the 
pending claims and would not be sufficient to treat a cadmium 
deficiency, which, as indicated in the present application, can 
be at least 15% below normal physiological levels. Jacobson et 
al. certainly do not teach or suggest that greater amounts could 
or should be given. The largest amount of cadmium they 
administered, 0.004 mg, is only one-sixth the minimum amount 
taught and claimed by the Applicant. Moreover, there is no 
indication in the Jacobson et al. paper that the authors are 
advocating the administration of cadmium; the discussion of 
dietary cadmium is part of a larger discussion of trace elements 
not established as essential for man or animals, and they note 
that cadmium "has not been attributed any special role in the 
living cell." Indeed, the very small amounts of cadmium 
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administered appear to have been present unintentionally. Table 
1 of the paper provides the composition of the parenteral 
nutrition solutions administered during the study. Different 
solutions were administered at different times of the day. The 
solutions were (1) a carbohydrate solution and a soluble vitamin 
mixture, (2) an amino acid solution and an electrolyte solution, 
(3) a combination of a fat emulsion, lipovit emulsion and 
heparin, and (4) a carbohydrate solution. The components of the 
different solutions are listed in subsequent tables, none of 
which include cadmium as a component. In the Abstract, the 
authors note that the "intended intravenous supply of trace 
elements [presumably those listed in the initial tables of the 
paper] corresponded approximately to the analyzed supply," but 
that "all other trace elements determined were found to be 
unintentionally administered in small amounts." 

At the end of their paper the authors discuss 
recommendations for trace element dosage, per 24 hours, in total 
parenteral nutrition for adults. None of the recommendations, 
provided in Table 6, include cadmium as an element to be 
administered. The authors state that the US National Research 
Council recommended that only iodine, iron and zinc be included 
regularly in the diet and that other trace elements are supposed 
to be adequate in the variety of common foods eaten. The authors 



Serial No. 09/989, 674 
Reply to Office action dated February 27, 2004 

Page 10 

suggest that on the basis of their results, trace element 
solutions used in total parenteral nutrition might be improved if 
they provided more zinc and less iron, to cover the basic 
requirements more appropriately. "Otherwise, the quantities of 
infusion solutions used in the total parenteral nutrition studied 
seem to supply adequate basic amounts of trace elements, 
essential for human nutrition" (from the paragraph bridging 
pages 124-125) . From this discussion, one would be left 
believing that, at best, cadmium should be administered only at 
doses not to exceed 4 jag, and that perhaps cadmium need not be 
administered at all. There is no realization that persons can 
suffer from a cadmium deficiency or that relatively large amounts 
of cadmium can or should be administered to such people to treat 
such deficiencies. Certainly, if, indeed, any of the patients in 
the study had a cadmium deficiency, they did not receive 
treatment for that deficiency. 

In view of the deficiencies of the Jacobson et al. 
reference, the reference does not anticipate the claims of this 
application . 

Claims 20 and 61 have been rejected under 35 U.S.C. § 102(b) 
as anticipated by U.S. Patent 4,225,592, issued to Lakatos. The 
examiner asserted that the '592 patent teaches that trace 
elements, including cadmium, are well-known to be administered to 
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a human as nutrition, citing column 9, lines 25-46. She noted 
that the teachings regarding the administration of these trace 
elements have been cited from several earlier prior art 
references (col. 9, lines 21-46). This rejection is traversed. 

The focus of the '592 patent, the administration of 
complexes of oligo- and polygalacturonic acid formed with 
selected essential metal ions, none of which is cadmium, is of no 
relevance to the presently claimed invention, and the examiner 
has not claimed otherwise. The examiner's focus on this 
reference is on a discussion of trace elements in column 9 of 
the patent. As noted above, the examiner has asserted that the 
paragraph extending from lines 21-46 of this column teach that it 
is well-known to administer cadmium and other trace elements to 
humans as nutrition. Applicant respectfully submits that the 
examiner has mis-read the discussion in the cited paragraph. 
What the paragraph actually provides is that the absorption of 
magnesium and trace metals such as iron, zinc and copper and 
chromium significantly decreases and their secretion increases 
with age, and that as a result, disorders such as anemia, athero- 
and arteriosclerosis, diabetes, cardiovascular diseases, 
nephrolithiasis and ulcus emerge. The paragraph further states 
that in response to this, numerous vitamins and preparations 
containing essential elements are sold as geriatric preparations, 
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and a preparation which makes possible the simple and efficient 
administration of these trace elements would be desirable. 

There is no mention in this discussion regarding the 
administration of cadmium. The only reference to cadmium is in 
the title of one of the papers cited as authority for the 
statement that the absorption of zinc and copper decreases with 
age. To support this statement, the patentees cited M. Anke and 
H.J. Schneider, "Zinc, Cadmium and Copper Metabolism in Men;" 
Arch. Exp. Veter inaermed. , 25:805-809 (1971) (column 9, lines 27- 
29 of the ^592 patent) . Applicant has obtained a copy of this 
paper which is provided herewith, along with an English 
translation hereof, as Attachment A to this Amendment. As the 
examiner will note, this paper does not teach or suggest that 
cadmium should be administered to humans who are suffering from a 
cadmium deficiency. The paper simply reports, as the title of 
the paper indicates, on the metabolism of zinc, cadmium and 
copper in humans. The authors looked at differences in 
metabolism between men and women and at the effects of age on 
metabolism. In pertinent part, this paper provides that cadmium 
is stored in the liver and kidneys as people age, and that the 
kidneys of men have significantly more cadmium than the kidneys 
of women. The authors also reported that cadmium levels in 
kidneys for both men and women tended to decrease significantly 
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after the age of 70. They also found that there was variation in 
the concentration of zinc in kidneys and that this was determined 
by cadmium rather than by age. They stated (page 5 of the 
translation) that cadmium has a "metabolism-stressing" role and 
that their data showed the "toxic effects" of cadmium. 

The authors further asserted that the kidneys and liver of 
persons who die from cardiac insufficiency, inflammatory 
pulmonary disease and malignant tumors contained a definitely 
established greater amount of cadmium; persons dying from 
infarction had a significantly lower concentration of cadmium 
than that of other patients. The authors asserted that cadmium 
may play a role in the occurrence of cardiac insufficiency, 
inflammatory pulmonary diseases and carcinoma. There is no 
suggestion that humans can suffer from a cadmium deficiency, much 
less that it would be desirable to treat such a deficiency by the 
administration of cadmium. 

As noted above, the paper by Anke and Schneider is the only 
reference to cadmium in the '592 patent. The '592 patent, 
therefore, does not teach or suggest the presently claimed 
invention and does not anticipate claim 20 or 61. 

Claims 20 and 61 also were rejected under 35 U.S.C. §102 (b) 
as anticipated by U.S. Patent 5,130,298, issued to Cini et al. 
The examiner asserted that the '298 patent discloses that various 
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metals, including cadmium, can be administered to humans in a 

pharmaceutically acceptable cation salt or complex salt (citing 

column 3, line 64 - column 4, lines 7-9 and column 5), 

and that the disclosure inherently teaches treating a human 

suffering from a cadmium deficiency. This rejection is 

traversed. 

The *298 patent teaches pharmaceutical compositions 
comprising human epidermal growth factor (EGF) and an amount of a 
pharmaceutically acceptable metal cation, such as zinc, 
sufficient to prevent the degradation of the EGF. The focus of 
the patent is on zinc as the metal cation. The patentees do note 
that other "suitable" cations "may" achieve the same effect (col. 
3, lines 53-54). The patent goes on to state that a suitable 
cation "is one that is pharmaceutically acceptable, does not 
cause free radical formation and EGF degradation prevention 
properties and EGF biological activity maintaining properties" 
(col. 3, lines 64-68). The patent provides that "any monovalent, 
divalent or trivalent cation having such properties is within the 
scope of the present invention" (col. 4, line 1-2). The 
patentees then note that lanthanum forms a crystalline 
precipitate with EGF and that manganese, copper, iron and cobalt 
are not suitable because they cause free radical formation. They 
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then state that certain other cations, including cadmium, " may be 
suitable" (emphasis added; col. 4, lines 6-8). 

The clear implication from this last statement, taken in 
context with those that preceded it, is that cadmium and the 
other cations listed with it (calcium, nickel, tin potassium and 
lithium) have not yet been tried and that the patentees do not 
know if they will be suitable or not. This is wholly inadequate 
to constitute a teaching of the administration of cadmium. 

Furthermore, as noted above, the real focus of the x 298 
patent is the administration of EGF, principally topically for 
the healing of wounds. The patent provides that the EGF is 
provided as an aqueous solution having a concentration of about 
250 ug/ml and that the zinc cation is provided at a 
concentration of about 10-20 mM. There is no teaching of what 
concentrations of other cations, should one be useful in place of 
the zinc, would be desirable. 

Thus, this reference does not teach the administration of 
cadmium to persons who suffer from a cadmium deficiency, and 
certainly does not teach or suggest the administration of 0.025 - 
2 mg of cadmium daily to minimize or eliminate a cadmium 
deficiency. This reference thus does not anticipate claims 20 or 
claim 61 of the present application. 
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Claims 21-22 and 25 were rejected under 35 U.S.C. § 103(a) 
as being obvious over the teachings of the Jacobson et al. paper 
or the "592 patent. The examiner stated that the references do 
not disclose the "particular unbalance levels of cadmium" in 
humans or the particular cadmium salt to be administered. She 
asserted, however, that it would have been obvious, to determine 
the level of cadmium and the particular salt to be administered 
so as to increase the concentration of cadmium in body fluids and 
tissues and correct a cadmium imbalance. This rejection is 
traversed. 

The deficiencies of both the Jacobson et al. paper and the 
x 592 patent have been discussed at length above, and those 
discussions are equally applicable to this rejection. The ^592 
patent does not teach the administration of cadmium at any 
concentration for any purpose, and the Jacobson et al. paper 
discloses the administration of small amounts of cadmium over a 
very short time period (five days) . There is no indication that 
the persons to whom Jacobson et al. administered the cadmium (and 
other trace elements) were cadmium deficient, and the amounts of 
cadmium administered were not sufficient to treat a cadmium 
deficiency. Neither of these references renders obvious the 
invention of claims 21, 22 or 25. 
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Applicant respectfully submits that in view of the 
amendments and arguments presented herein, the invention claimed 
in the present application is in condition for allowance. 
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Applicant respectfully submits that the rejection as applied to 
claims 20-22 and 24-25 has been obviated by the amendments to 
claims 20, 21 and 22. Again, Applicant also respectfully submits 
that this rejection as applied to independent claim 61 was in 
error as the claim does not contain any of the language on which 
the rejection was based. 

Claims 20, 23-24 and 61 have been rejected under 35 U.S.C. 
§102 (b) as anticipated by Jacobson et al. The examiner asserted 
that Jacobson et al. disclose the administration of 20 trace 
elements, including cadmium, to humans to correct negative 
balances of the elements. The examiner further asserted that the 
amounts of cadmium administered daily were 50-60 ug (0.05-0.06 
mg) or 5-68 ug, which was within the instantly claimed range. 
This rejection is traversed. 

The presently claimed invention is directed to a method of 
treating a person suffering from deficient levels of cadmium in 
his body fluids and tissues by administering to the person a 
series of daily doses of cadmium at dose levels of about 0.025 mg 
to about 2 mg per day (equivalent to a dose level of about 25 - 
2000 ug per day) . This invention is not taught or suggested by 
Jacobson et al. 

Jacobson et al. report a 5 day study in which they 
administered a number of trace elements parenterally to four 
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Applicant respectfully submits that the rejection as applied to 
claims 20-22 and 24-25 has been obviated by the amendments to 
claims 20, 21 and 22. Again, Applicant also respectfully submits 
that this rejection as applied to independent claim 61 was in 
error as the claim does not contain any of the language on which 
the rejection was based. 

Claims 20, 23-24 and 61 have been rejected under 35 U.S.C. 
§102 (b) as anticipated by Jacobson et al. The examiner asserted 
that Jacobson et al. disclose the administration of 20 trace 
elements, including cadmium, to humans to correct negative 
balances of the elements. The examiner further asserted that the 
amounts of cadmium administered daily were 50-60 ug (0.05-0.06 
mg) or 5-68 ]ig f which was within the instantly claimed range. 
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The presently claimed invention is directed to a method of 
treating a person suffering from deficient levels of cadmium in 
his body fluids and tissues by administering to the person a 
series of daily doses of cadmium at dose levels of about 0.025 mg 
to about 2 mg per day (equivalent to a dose level of about 25 - 
2000 ug per day) . This invention is not taught or suggested by 
Jacobson et al. 

Jacobson et al. report a 5 day study in which they 
administered a number of trace elements parenterally to four 
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Zinc, Cadmium, and Copper Metabolism in Man 

By 

M. Anke and H.-J. Schneider 

with 5 Figures 
(Received on March 26, 1971) 

It has been demonstrated in experiments with various animal species that high dosages of 
cadmium cause significant deficiency phenomena and have a negative effect on growth, propagation 
efficiency, and life expectancy. No such high consumption is to be expected in man, although one 
cigarette contains somewhat more than 1 (xg of cadmium, 70 percent of which appears in the smoke 
and may be deposited in the body (Nandi et al., 1969). 

On the other hand man, because of his long lifetime in comparison to animal species, is 
subjected to significantly longer periods of cadmium absorption by way of foods, some of which 
contain substantial amounts of cadmium, as is demonstrated by the initial data of Kropf and 
Geldmacher-v. Mallinckrodt (1968). 

Since systematic studies of the cadmium contained in man as a function of sex and age have 
not been available up to this point, the cadmium, copper, and zinc content, along with that of other 
components, of the liver, kidneys, rib, and prostate of 220 persons ranging in age from 0 to 90 years 
was studied. Ten samples each of males and females in the age groups of 0-1, 1-5, 6-10, and the 
following decades were analyzed. 
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Influence of Gender 

A review of the study material as a whole indicates that gender definitely has an effect on the 
concentration of the elements zinc, cadmium, and copper (Table 1). 



Table 1 

Mean zinc, copper, and cadmium content of the 
liver, kidneys, and ribs of 
220 persons 0-90 years of age 



Elements 


Liver 


Kidneys 




Ribs 




e r 


E 


r 


E r 


Zn (ppm) 


304 248 4++ 


173 


174' 


111 102 + 


Cu (ppm) 


35 27 +++ 


13 


12" 


7,5 6.8" 


Cd (ppm) 


3.64 4.37 + 


29 


44— 





+ = <x<0.05 " = <x>0.05 



The liver of women contained significantly more zinc and copper, and that of men more 
cadmium. The most striking difference between the sexes is to be found in the cadmium content 
of the kidney. The kidneys of the male contained on the average 50 percent more cadmium than 
did those of the female. On the other hand, there was no difference between the sexes in the zinc 
and copper content of the kidneys. A definitely established difference in the zinc component of 
the ribs was observed for women; this difference is illustrated in Figure 1. The difference 
between the sexes from age 20 to age 30 and at the end of life is especially striking. The zinc 
content of the liver fully parallels the zinc content of the ribs. 
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Figure 1. The zinc content of the fourth rib of man as a function of sex and age. 
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Fig. 2. The copper content of the fourth rib of man as Fig. 3. The cadmium content of the kidneys of man as 

a function of age. a function of age and sex. 
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The influence of age 

In addition to the sex, the zinc, copper, and cadmium content of all organs studied exerts a 
highly significant influence. 

The percentage of copper in the organs analyzed varies over the individual decades in a 
manner similar to the copper concentration of the rib (Figure 2). An extremely sharp drop in the first 
year of life was followed by gradual decrease to the end of life. 




The most striking influence of age is found in the case of cadmium. Children are virtually 
free of cadmium when born. Cadmium accumulates continually (Figure 3) both in the liver and in 
the kidneys according to the individual findings of Schroeder and Balassa (1961). The highest 
cadmium concentration in the body is stored in the kidneys. The difference in sex, with higher 
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values for the male, was manifested between the ages of 20 and 70. Examination of the trace of the 
curve reveals in particular increase in the cadmium content to just below 100 parts per million. It 
appears to be that persons dying at an advanced age of 70 to 90 have at age 50 a lower cadmium 
content than do persons dying at age 50. 

The influence of age appeared to be expressed the most distinctly in the kidneys in the case of 
zinc (Figure 4). It increased continuously up to the age of 45 and then gradually decreased. In the 
other parts of the body it increased slowly from the first to the last decade. The variation in 
concentration of zinc in the kidneys is atypical and is determined by the cadmium concentration of 
the kidneys. This trace of the curve is accordingly determined by cadmium rather than by age. In 
other animal experiments conducted in our working group the addition of cadmium to feed and 
storage of cadmium also resulted in increased zinc storage. Zinc apparently exerts a protective 
effect. In the study material available to us the zinc content of the kidneys and cadmium percentage 
in males is positively correlated with a degree of certainty of 0.85 and in females with a degree of 
0.61 (Figure 5). 

This finding demonstrates the metabolism-stressing role of cadmium and indicates the toxic 
effects of this element. The cadmium accumulations in the kidneys of man are reached only in 
approximation in any animal organ studied without amounts of cadmium in the form of a salt. A 
maximum of 30 parts per million of cadmium was found in the kidneys of cattle. 

Cadmium, zinc, and copper content of kidneys 
and liver in the presence of various diseases 

It appeared to be of interest to devote greater study to the cadmium, zinc, and copper 
concentration of persons who had died of various diseases. Exitus due to cardiac infarction, cardiac 
insufficiency, inflammatory pulmonary affections, and carcinoma were selected and evaluated (Table 
2). The age of the deceased ranged from 50 to 90 years. The effect of age is small over this period. 
Males and females were evaluated separately. The results for the sexes coincide. Only the content 
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percentages for males are presented; the figures in parenthesis indicate the number of cases 
investigated. 



Table 2 

Cadmium, zinc, and copper content of male kidneys and liver 
at age 50 to 90 in the presence of various illness 



Organs 


Infarction (9) 0 


Cardiac 
insufficiency (9) 


Inflammatory 
pulmonary 
diseases (10) 


Carcinoma (28) 


Cd (ppm) 


34 


96 


99 


71 


Kidneys Zn (ppm) 


142 


201 


245 


229 


Cu (ppm) 


9.6 


10.2 


11.4 


11.5 


Cd (ppm) 


4.4 


7.4 


7.2 


6.6 


Liver Zn (ppm) 


232 


209 


318 


298 


Cu (ppm) 


15 


22 


27 


24 



) Number of persons examined 

The cadmium concentration of the kidneys and the liver of patients dying from infarction is 
significantly lower than that of other patients. It coincides with the percentage of content of persons 
dying from accidents. On the other hand, the kidneys and liver of the various persons perishing from 
cardiac insufficiency, inflammatory pulmonary diseases, and malignant tumors contained a definitely 
established greater amount of cadmium. 

The zinc content of the organs follows the positive correlation between cadmium and zinc 
(Figure 5). The percentage of copper in the kidneys remained unaffected by the diseases. The 
differences involved in the liver could not be definitively established by biostatistical means. 

The specific changes observed indicate that cadmium may play a role in the occurrence of 
cardiac insufficiency, inflammatory pulmonary diseases, and carcinomata. Cases of emphysema 
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found in workers who must come in contact with cadmium compounds have already been described 
in the case of pneumonia (Friberg, 1950; Bonell, 1955). The carcinoma of those who died of this 
disease was not localized in the kidneys and liver, so that the changes in metabolism due to cancer 
become evident. Cadmium accumulation associated with a higher percentage of zinc and copper, on 
the other hand, was observed *in the organs examined. 

Kippling and Waterhouse (1 957) reported the occurrence of cancer of the prostate in workers 
who came in contact with cadmium dioxide. Kendrey and Roe (1969) made reference to sporadic 
occurrence of tumors and sarcomata in experimental animals subjected to the stress of cadmium. It 
appears that this aspect of the relationships determined should also be considered. 



Summary 

Zinc, cadmium and copper metabolism in man 

There was a pronounced sexual dimorphism in tissue concentrations of zinc and cadmium: 
female organs contained more zinc than male organs, while the reverse applied to cadmium. 

Age affected zinc, copper, and cadmium concentrations equally. The copper content or 
organs increased from birth until death, rapidly at first and then slowly. Cadmium increased 
continuously; kidney concentrations of 1 00 ppm or more, considered to be toxic, were encountered. 
In persons that had died from accident or from cardiac infarction the cadmium content of kidney was 
about 30 ppm, while in those who had died from inflammatory diseases of the lungs and malignant 
neoplasms the content was 75-100 ppm. 
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In Cd-Ver&uohen mit verschicdonen Tierarten Iconnte naohgewiesen werden, dafl liohe 
Cd-G»ben erhebliohe Auafallerscheinungen verursaohan unci Wachatum, Forfcpflansungs- 
leistung und LcbenserwarV-ung negativ bccinflussen. Beim Menschen iat kcin derartig > 
hoher Cd-Konsum zu ervparten, obwohl eine Zigarette etwas xnehr &l$ 1 Od cnthalt, 
von dem 70% im Kauch erscheinen and im Korpar ©ingelagerfc warden k6nnen (Nandi 

Andererscita tot der Mensch auf Grand seines im Vergleich zu den Tierarten langen 
Leben* wcsentlieh grofleren Zeitraumcm der Cd-Aufnahme fiber die Nahxangsmittel aus- 
^esetst, ven denen einige. wis die ersten TCrhebungen vonKropf undGeldflaacher-v. 
Mallinckrodt (1968) seigen, betrachtliche Od«Mengen enthflJtcn. 

Da bisher keine syirtemattochau Untcrsuchungen fiber den Cd-Gehalt des Menschen in 
Abhangigkeit von Geschlecht und Alter vorlagen, ward© der Cd-, Cu- und Zn-Gehalt 
neben anderen Komponenten bei 220 Personen im Alter von 0-90 Jahren in Leber, Nie- 
ren, Rippe und Prostata untersuclit. In den Alter&Waesen von (M, 1-5, 6-10 und den 
folgenden Dezennien kamen jeweile 10 Proben von Mannern und Erauen zur Analyse. 

Der EinfluB des Geschleobtea 
Das GesohJeoht beeinfluBt gesiahart die Konzentratian der Elements Zn, Cd und On, 
•vrenn man das ge&amte Untersuchungamateriai betraclxtet (Tab.l). 

Tabelle 1 

Der mittlere Zivku Kupfer- und Kadmiumgehalt der Leber, tfieren und Rippen 
yon 220 Monaoken im Alter von 0-90 Jahren 



Element e 


Leber 
$ if 


Nieren 


Rippew 
? d 


Zn (ppm) 
Cu (ppm) 
Od (ppm) 


S04* 248 +++ 
35 fi»+* + 
8,64 4,37+ 


173 174- 
13 12- 

29 44+ ++ 


111 102+ 
7,0 9,8- 
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Die Leber dor Fxanctx enthielt signi&kant mehr Zn unci Cu, die dca Manncs mehr Ckl 
Am auf&lligsten ist der Geschlechtsnnterschiod im Cd-Gehalt der Nieren. Die Nleron des 
Manncs besaflcn im Mittel 50% rnehr Cd als die der SVau. Demgegeniibet crgab sich 
koine GesohlecLtsdifferena im Zn- und Cu-Gehalt dor Nicven. Im Zn-Anteil der Hippen 
»«igtc sioh elne gcsiolierte Differcn* zugunsten der Frau, die in der Abbflduug 1 dar~ 
gcstollt wird. Der Gescliiechtaunterschied 2wscken 20 und 30 Jahren und am Lebem*. 
endc faJit bosondcrs ina Auge. Der Zn-Gehalt der Leber vcrlauft vollig parallel z\i don 
Zn-Gchalt der ftippen. 

200 




Abb.l. Our ^D-OctuLlfc tfur 4. Ripfic d M Jlcnacl^n fca AbMaglgkcit vou QfieohlCCHt Uid Alter 
Ppm CU ftippea 
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Abb. s. Der Cu-Geholt der 4, Rippc dos Meoacfean in Ab- 
a&asCgScelt vom Alter 
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Abb, a. Der Cd-Oehalc d«r ttiereu des Monaolita Jo Ab- 
h&oftiB^eit von Alter und Qeuhtecht 



\ 



Nebei 
unterSm 

DerC 
ahnlich 
foil im c 

Am a 
lruboren 
intmg m 
(Abb. 3) 
Gcschtot 
xind 70 , 
der Nier 
Alter vo 
fJieren 1 



ppm Z* t 
tsox 



too- 



ISO 



too 1 - 



Abb,<U & 

Der A 
Er stfeg 
zvl verri 
letzitenJ 
wrrd dm 
nach ni 
gofiQhrtt 
einer ve: 
dem wit 
der Cd-, 
yon 0,6) 

Dieae: 
die toxi 
scben w 



ines aehr Od. 
%r£ ieren dcs 
»er & gab eiclx 
•U de Rippcn 
•ildui g 1 dar- 
i am LcbonM. 



Zirtk-, Kadw-tum- und Kupfers^fWhsel Mensphen 
Der EinfluB des Alteis 



607 



Ncben dem Ocschlecht bednftoMi auoh das Alter den SSn-, On- und Cd-Gchalt allot 

il^^^KoD^t^ der Hippo (Abb. 2). Einem .uBercrdcntJch starken Ab- 
Si im eratan Lcbenajahr folgte ein allmahHober Iliickgang ; bis zum Lebeasradc 

AraS^ten irt dor AlterscinfluB beim Cd. Die Kinder ^n pRbrii Od-fcet 
cXren Sowohl in der Leber als auch in den Nieren reichert sicK da> Od m ObmjMtan- 
ESr mft den Eiroelbefunden von SohrSdar und Bala^a (19BI) kontmuerlioh an 
7aM? 3) la den Nieren wirddSe bficbst^ Cd-Konzentration des Korpers gmpaicliert. Dw 
^cbloehtsdifferenz mit heheren Werten fur den Mann m^nife^iort, u«h rotctoi .30 
nnd 70 Jahxen. Bel Betrachtung des Kurvcnverlaufes fUlt der Ansticg d€S Cd-Gehalte* 
2cr Nieron bis knapp 100 ppm besondsrs auf. E* scheint so » eein, <^ *n 
Alter von 70-90 Jahrcix Verstorbenen, mit 50 Jahran einen mediigcrcn Cd-Antcd in den 
Nieren besitzen *U die mit 60 Jahren Verschfedenen. 



ppm Cd, Ntcreo Wanner! 




ppm Zrt. tfreren 
250 



200 





teit vom Alwr 

Def AlterscinfluB wagte aioh beim Zn scheinbarin den Nieren am deutHoteten [Abb. 4). 
Er stieg bis zum Alter von 45 Jahren kontinuieriicb. an, urn sicH dann wiedor allmanJioh. 
an TerrWem. ^ den andcren Korperteilen erhohte er sich langsam rota erelen bw 
leteten Dezenniam. Der Konzentrationsverlanf ist fur das 2n in den Nieren atypisckun^ 
*ird durch die Cd-Konzentratioti der Nieren bestimmt. Diesor Kunrenverlauf ist dem- 
nach nioht alters-, sondern Od-bedingt. Bei anderen, in uneerem Arbeitskreia.durOh- 
ftefubjrten Tierverauchen fuhrte die Od-Beifutterung und -speicherung iwmer auch zu 
einer veretarktea Zn-Einlagcrung. Das Zn ubt offensichtlich cine Sehuttwkung ana. In 
dom uns zur Verfugung etebenden Untereuohungsgut war der Zn-Gekait der Nieren «nd 
de* Cd^Anteil bei den M&nnem mit einem BestdmnitheitSiinaB von 0.83 und den Frauen 
von 0,81 positiv korreliert (Abb. 6). 

Dieser Befund demonetriert die stoffweohselbelastende »olle des Cd und verweist auf 
die toxiachon EinflUsae dieses ElomentB. Die Cd-ATihaufongsn in den Nieren des Men- 
schen werden von keinem untersuohten Tiworgan ohne Cd-Gaben in Salzform auoh nur 
annahemd erreicnt. In den Bindernicren wurden hochstens 30 ppm Cd ermittelt. 
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Der Kadmium-, Zink- und Knpfcrgehalt von Xieren und Leber 
bei verschiedenen Krankhciten 

ICs lag nahc die Cd-, Zn- und Cu-Konaentration dcr Organe von Personen, die an vcr* 
scbiedenen Krankkeiten verstorben afnd, n&her zu untersuchen. Dabei -wurden Exitus an 
Hcranfarkt, HerzinsufBaienz, entzundlichen Lungenerkrankungen und Karzinom aus- 
gewahlfc und auagewertet (Tab. 2), Die Verstoi'benen batten ein Alter von 50-90 Jakxen. 
In diescm Zeitraum fet der AlterseinfluB klein. Manner und SVauen wurderi getrennt aus- 
gewcrtet. Pic Ergcbniese stiminen bei den Gescblechtern ubercin. In der Tabclle 2 sincl 
nur die GehaJtaaalUcn von Mannem davgestettfc, wobei die Zaklen in den KJanxmern cliu 
Zahl dcr untersuchten Falle angeben, 

TabeUc2 

Di r Kadmiunx*, Zlnk- und Kupfergehalt von Niftrcn und Lebor 
bei vi'rechtedenen Krankhciten deg Manncs im Alter von 50-90 Jahren 



Orgeme 


Infrrlrt (9}') 


H<*rzins\i£fifcicn3 
ff> 


Entziindlichc 
Lungendrkran- 
ktitlgen (10) 


Kaxxtnom (2$) 


CM (ppm) 
Nicj-en Zn (ppm) 
Cu (ppm) 


34 
143 


99 
10,2 


09 
24o 


n 

229 
11,3 


Gel (ppm) 
Leber Zn (ppm) 
Cu (ppm) 


4.4 
232 
15 


7,4 

m 

22 


7,2 
318 
27 


298 
24 



2 ) Anzahl der iintcrguahten Persona a 

Die Cd-Konzentration der Niereu und der Leber Infarktvcr^torbener iet significant 
niedriger als die dcr andcren .Kranken. Sie deckt sicb mit den Gehaltszahlen bei Unfali- 
veretorbenen.Demgcgenabcr enthiolten Nierenund Leber da*anHerzsckwik>ke, enteund- 
lichen Lungenerkrankungen und bdsartigen Tumoren Verschiedenen gesiohert mehr Cd. 

Der Zn-Gehalt der Organe folgt der position Korrelation zwisehen Cd und Zn 
{Abb, 5). Der Cu-Anteil der Nieren blieb duxch die Krankhoiten unbeeinfluBf. In der 
Leber liefien sicix die gegebenen Difference*), bioatatistisch nicht aichem. 

Die gefundenen gericht-eten Ver&nderungen deuten an, daB das Cd mdglieherweise einc 
Bo He bei dem Auf treten von Herzinsuffistfenz, entziindlichen Lungtanerkrankrmgen und 
Karzincmen spielt. Im Fall deor Pneumonie sind Cd-bedingte Bmphysanie bei Arbextem, 
die mit Cd- Verbindungen nmgehen uruseen, beachrieben (Fxib er g , 1950 ; B one J 1 , 1955). 
Bei den Karainomvecstorbenen war daa Karzinom nicht an Nieren und Leber lokali- 
siert , bo daB die krebsbedingten Veranderungen im StonVechsel sichtbar werden. Wieder- 
um zeigt eich eine Cd- Anreiehermig, verbunden mit elnem vermehrt-en Zn- und Cu-Anteil, 
in don untorsnchtcn Organen, 

Kippling und Waterhouee (1967) berichteten uber das Auftreten von Prostata- 
kansinomen.bei Arbeitern, die mit CdO a xungehen. Kendrey und Roe (1969) verwiesen 
auf aporadiflohes Vorkomnien von Tumoren und Sarkomen boi Cd-belasteten VerdUchs- 
tieren. Ks seheint, daB die gefundenen Abhangigkeiten auch xmter diesem Aspekt zu 
seben sind. 

Zusammenfaesung 

Fvii' die Elemente Zn und Cd besteht ein anegepr&gter Geachiecbtsdionorphjemufl beid 
Menechen. Die Organe der Frau sind Zn~ t die des Mannea Cd-reieber, 

Das Alter beeinfluBt die 2n-, Cu- und Cd-Konaentration gleiobfella, Der Cu-Qehalt der 
Organe nimmt von der Geburt bis aum Lebensende zunach^t aehr rasch und dann lang- 
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„>. TW CV1 Anteil «teiBt demgegenftbcr kontinuierlich an wnd orreiob* bei 100 ppm 
Mere S^cdrSdc Werte. Bei Unfall. und Herzinfarkt^rb^n bctrug 
£ ^^^JSw to Nieren 30 ppm: an Heninsufnzienz, entaandkeher Lungen- 
^^Jbt^^noren^rben, Katten 75-100 PP m in den Me™. 

06MeH nnHRa, Kaji»nR « M^" y «iejiO«eKft 
roucc^aHHC 3Jie>teHT0H Zn n Cd y worn .upaweBHuh muoBOft aiwop. 

?2Er flSSenCKHC nownnerw » ROCtnraer np« 100 nnM b noHKax mwmmiiu, 

n nowas coRTaBJiHoia OT 75 so JOOnnw- 

Summary 

Zinc, cadmium and copper metabolism in man 
There was » pronounced sexual dimorphiam in tisane concentrations of Zn and Cd: 

frm*^ Contained mora Zn than male organs, wbile the teverae 

A«f SSatod Zn Ou and Cd concentrations erma-Uy. The Co content ol organs w- 

Jafed tittS: £tf daatht rapidly at Art and ^^^S!^ 

Sascs of the luW* and malignant neop^ma the content w 75-100 ppm. 
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